An optimal day-ahead scheduling method (ODSM) for the integrated urban energy system (IUES) is 11 introduced, which considers the reconfigurable capability of an electric distribution network. The 12 hourly topology of a distribution network, a natural gas network, the energy centers including the 13 combined heat and power (CHP) units, different energy conversion devices and demand responsive 14 loads (DRLs), are optimized to minimize the day-ahead operation cost of the IUES. The hourly 15 reconfigurable capability of the electric distribution network utilizing remotely controlled switches 16 (RCSs) is explored and discussed. The operational constraints of the unbalanced three-phase electric 17 distribution network, the natural gas network, and the energy centers are considered. The interactions 18 among the above systems are described by an energy hub model. A hybrid optimization method based 19 on genetic algorithm (GA) and a nonlinear interior point method (IPM) is utilized to solve the ODSM 20 model. Numerical studies demonstrate that the proposed ODSM is able to provide the IUES with an 21 effective and economical day-ahead scheduling scheme and reduce the operational cost of the IUES.
Indices kkn
Parameter that depends on gas pipeline parameters, gas properties and gas temperature. 
Parameters and constants
SW RCS N Switching actions for RCS.
C e , C g Day-ahead wholesale electricity price and natural gas price. 
P WT
Output of the wind turbine.
Introduction

26
The increasing level of environmental pollution and depletion of fossil fuels are the two main factors 27 that restrict the development of future low-carbon cities [1] . In order to tackle these problems, more 28 and more attention has been paid on the integrated urban energy system (IUES) with couplings and 29 interactions among various energy systems (e.g. electric power systems, natural gas supply systems, 30 and heat systems) at the urban or community level [2] [3] . The IUES is able to coordinate the above 31 energy systems to provide new solutions for more secure, sustainable and economical energy 32 production, distribution and consumption in the future low-carbon cites [4] . 33 The active elements (e. 102 An IUES is illustrated in Fig. 1 , which involves three energy systems, i.e. an electric distribution 
Model of the integrated urban energy system (IUES)
Submitted to Elsevier Science 6 2.2. Energy center model 119 The energy center includes three operating modes, the electric load following mode, the thermal load 120 following mode, and the hybrid thermal-electric load following mode [28] . In this paper, the energy 
Objective Function 160
The objective function depicted in Eq. (5) is to minimize the total operation cost for day-ahead 161 scheduling, which consists of four cost terms: 1) the cost of purchasing electric power ( 
Solution
208
A hybrid optimization method, integrating GA with a nonlinear IPM, was employed to solve the 209 above mixed-integer and nonlinear constraint ODSM problem [30] . The flow chart of the hybrid 210 optimization method is shown in Fig.4 . Step 1) Initialize the IUES, including energy center initialization, electric distribution network 217 initialization and natural gas network initialization, based on the system structure and the input data;
218
Step 2) Separate the discrete control variables and continuous control variables; Generate the initial 219 population of GA based on the input data and set iteration count k=1 for GA;
220
Step 3) Solving the continuous optimization sub-problem using the IPM with the discrete control Step 6) Obtain the optimal day-ahead scheduling results for the IUES and the corresponding set-231 points of control variables for all participants. 232 The algorithm is stopped if one of the following stopping criteria is satisfied: 233 1) The number of iterations exceeds its limit (maximum number of iterations is set to be 150); 234 2) The optimal individual keeps unchanged within 10 iterations. respectively. The natural gas node GB1 is the gas resource node with a constant gas pressure 400kPa.
259
Part 3) (Energy centers): Four energy centers were plugged to the electric buses 8, 13, 16, 33 in the 260 electric network and the natural gas nodes GB3, GB4, GB6, GB7 in the natural gas network. Energy 261 center 1 and energy center 4 are set to be the type I of energy hub (depicted in Fig. 2(a) ) and energy 262 center 2 and energy center 3 are set to be the type II of energy hub (depicted in Fig. 2(b) ). The energy 
Simulation results
266
Two comparative cases are presented to illustrate the effectiveness of the proposed ODSM.
The optimal day-ahead scheduling scheme of the power purchases for Case 1 and Case 2 are shown 276 in Fig. 11 . For the time periods including 1 to 6, 12 to 16 and 23 to 24, as the electricity purchase price 277 is lower than that of other periods, the IUES tends to purchase more electric power and less natural gas 278 power in both Case 1 and Case 2. For these time periods including 7 to 9 and 17 to 22, as the electricity 279 purchase price is higher than that of other hours, the IUES tends to purchase more natural gas power 280 and less electric power in both Case 1 and Case 2. improved and the violated bus voltage constraint is also removed in Case 2 through changing the 313 network topology, which has resulted in more electric power consumption. 314 For the time periods 7 to 9 and 17 to 22, as the electricity purchase price is higher than that of other 315 time periods, the energy center 1 tends to consume more natural gas power and less electric power in 316 both Case 1 and Case 2. It is worth noting that energy center 1 tends to consume more natural gas 317 power to generate electric power and inject the extra electric power back into the electric network in 318 the time period 7 to 9, as shown in Fig. 15(a) . There are two main reasons for this phenomenon. Firstly, 319 the electricity purchase price is higher in the time period 7 to 9, and the energy center 1 tends to 320 consume less electric power for cost saving. Secondly, the energy center 1 has more thermal load and 321 relatively less electric load (high heat to power ratio of energy center loads [34]) in time period 7 to 9 322 (depicted in Fig. 10 (a) ), which matches the relative high heat to power ratio of the CHP unit [35] (set 323 to be 1.43) closely. Therefore, most of the natural gas is utilized by the CHP unit in the time period 7 to 324 9 for cost saving and the extra electric power generated by the CHP unit is injected back into electric 325 network to reduce the operation cost.
326
2) Energy center 2
Energy center 2 tends to consume more electric power and less natural gas power in time periods 1 328 to 9, 15 to 17 and 20 to 24 in both Case 1 and Case 2, as shown in Fig. 15(b) . The reason is that the 329 primary energy efficiency of CAC for generating heat [36] is higher than that of the CHP unit for 
Conclusion
